THE preparation of such a salt as triethylsulphine iodide in any quantity by the ordinary method, though easy in theory, is practically a most disagreeable opei-ation, since it necessarily involves the making and manipulating a large amount of ethyl sulphide, or some equally objectionable substance. The preparation of analogous selenine salts by the ordinary method is open to a siniilar objection, which is, moreover, of greater weight on account, of the still more noxious character of volatile selenium compounds; and there is, also, an additional disadvantage, i n that, a loss of the somewhat costly selenium in the preliminary operations is unavoidable. It is obvious that any method by which sulphur (or selenium) may bn converted directly into sulphine (or selenine) salts, affording a good yield and avoiding the manipulation of noxious volatile substances, should he of value to chemists engaged in the study of such compounds.
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MASSOX A N 3 KIRKLAND : PREPARlTIOS O F decomposed with difficulty by water, even on prolonged boiling. It is best to proceed as follows :-The contents of the tubcs are washed into a tall glass cylinder, covered wit,h water to a depth of some inches, and a current of hydrogen sulphide is then passed in through a tube which dips under the liquid polyiodide: hy this means the latter is decomposed in the course of a n hour o r two. The action resembles that which occurs when hydrogen sulphide is led ander the surface of bromine covered with water, except that no sulphuric acid is formed, as always happens in the latter case. When the polyiodide has disappeared, the vessel contains a clear acid solution of triehhylsulphine iodide and hydrogen iodide, and a flocculent deposit of sulphur. The reaction is represented by the equat,ion-(3.) The solution decanted from the sulphur precipitate cannot be advantageously evaporated for the recovery of the sulphine salt, as this is attacked by the hydrogen iodide present. It is, therefore, mixed with excess of moist silver hydroxide, by which means a pure solution of triethylsulphine hydroxide is obt'ained ; and this may then be converted into any desired salt by exactly neutralising it with the appropriate acid.
I n our first cxperiment we thought to simplify matters and save silver by adding the silver hydroxide gradually to the acid solution until its reaction was neutral, so as to obtain the sulphine iodide a t Once by filtering and evaporating. It was found, however, that only a small quantity of the salt could be recovered in this way. As the fiilver iodide precipitate had been washed with boiling water until the washings were practically free from soluble iodide, the missing salt bad to be looked for in the insoluble residue on the filter. Experiment showed that this, when treated with more moist silver hydroxide, yielded a quantity of the soluble alkaline sulphine llydroxide ; so that it is evident that silver iodide and the sulphine iotiide unite to form an insoluble double salt. This was further proved hy mixing fresh moist silver iodide with a little solution of tile sulphine iodide ; the solution after a sliort time was found to give the iodine reaction only faintly. The silver iodide simultaneously changed in c o l o u~ from yellow to white. The fact that the precipitate f i d formed when silver nitrate is added to a solution of a n iodide is white, and become yellow only as the reagent is added in excess, is probably attributable to the same cause.
If the sulphine hydr\)xide solution is converted into the iodide by neutralisation with hydriodic acid, and this solution is evaporated to (jpyness, ;t yield is obtained which falls only a very little short of th:tt calculated from the weight of sulphur employed, according to the THE SALTS OF TRIETHYLSULPHINE, ETC.
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' grams.
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48-0 3.5 equations we have given. I n one such experiment we obtained more than five-sixths of the theoretical yield. The following are the details of the experiment.
3.2 grams of powdered roll sulphur and 48 grams of ethyl iodide were heated in a sealed tube for 22 hours at 180-185". Some combustible gas escaped when the tube was opened. The tarry polgiodide was washed out with water, and treated with R current cjf hydrogen sulphids €or four hours in the manner described above. The solution was decanted from the precipitated sulphur ; the latter was washed, and the washings added to the solution, which was then made up to a definite volume. The sulphur, after drying, weighed 3.5 grams.
One-fourth of the solution was then treated with excess of moist silver hydroxide (from a weighed quantity of silver nitrate) in the cold, until a drsp of it give no iodine reaction ; the mixture was then filtered, the silver iodide washed tharoughly with hot water, the washings being added to the filtrate. The filtrate and washings were then made up to a definite volume, and a small portion of it was titrated with qtandard hydrochloric acid. By this means it was found that, supposirg the whole solution to have been treated with silver hydroxide, the sul phine hydroxide produced would have required 94 C.C. of normal hydrochloric acid for neutralisation, or would have weighed 12.8 grams. This result was checked by neutralising the remainder of the solution with hydriodic acid, evaporating to dryness, and weighing the sulphine iodide obtained. The weight was found to be 5.56 grams, which was equivalent to 22.68 grams, if the whole of the originnl solution had been treated in like manner. Finally, the iodide was recrystxllised from alcohol (the equivalent, of a total yield of 20 grams of pure salt was obtained), and its identity was estsblished by an iodine estimation, although its properties left no doubt as to its true nature :- 
, I
The details of the experiment may be tabulated side by side with the figures calculated from the equations given above. 
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MASSON AND KIRKLAND : PREPARATION O F W e have also ascertained by experiment that triethylseleniiie salts may he prepared by this method if selenium is used in place of siilphur. W e have not made quantitative experiments, however, and so cannot state the yield obtainable.
The preparation of tetrethylphosphonium salts and their homol o p e s is notoriously a troublesome matter, in spite of the classical researches of Hofmann, Cahonrs, and others. That this is so was shown in 1880 by Letts (Trans. Roy. SOC. Edin., 30,185), who discussed a t length the various processes then known, and rejected them all as uncertain, trouhlesome, and expensive. The well-known method of Hofmann, which consists in heating phosphonium iodide with absolute alcohol in sealed tubes a t 18Go, and acting on the resulting mixture of iodides with potash, so as to precipitate the tetrethylphosphonium iodide, &c., is generally considered the best process ; but this was rejected by Letts, because he found it impossible to avoid the loss, bg explosion, of the great majority of his tubes. We have not found this t o be the case when the precautions mentioned by Hofmann are carefully attended t)o ; but still we agree with Letts that the process is, a t best, a very troublesome one; and i t may be added that the preliminary preparation and preservation of large quantities of phosphonium iodide, PHJ, constitute an undesirable factor. The method which we have adopted avoids all these disadvantages by making use of phosphorus itself and ethyl iodide as the raw materials, which are converted directly into a tetrethylphosphonium-derivative without risk of loss by explosions.
The practical details of the method are similar to those already described f o r the preparation of sulphine salts. Either ordinary phosphorus or red phosphorus may be used. Ethyl iodide is taken in excess of the proportion indicated by the formula 7C2H51 + 2P ;
we have found no harm result from using as much as 6C2H51 : P ; tho mixture is heated in sealed tubes a t 180" for about 24 hours. When cold, the tubes are seen t o contain a black tarry liquid or a semi-solid black crystalline mass of polyiodide, but no phosphorus. Combustible gas escapes on opening the tubes, but there is never enough pressure developed to cause explosions. The greater part of the excess of ethyl iodide may be recovered by distillation on a waterbath. The contents of the tubes are then reduced with hydrogen sulphide under water ; and the clear acid solution, decanted from the precipitated sulphur, is treated with moist silver hydroxide in excess, BO as to give a solution of the tetrethylphosphonium hydroxide. An alternative method of procedure in this case, however, may be employed with advantage ; after the reduction with hydrogen sulphide, the excess of that gas is got rid of by zt current of carbon dioxide, and the solution (containing the tetrethylphosphoniurn iodide and 
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hydriodic acid) is saturated with potash and warmed. The result, as in Hof mann's method, is the separation of the phosphonium iodide, which floats as a n oily layer on the potash; and it may be readily purified by crystallisation from alcohol. This method is indeed preferable to the other, as it does not involve the use of silver. I t may also be stated that this potash method has been successfully applicd to the preparation of triethylsulphine iodille; but it is doubtful whether in this case the yield obtained is as good as by the silver hydroxide process.
It is evident that the equation for the action of phosphorus on ethyl iodide cannot be so simple as that which we have shown to be true in the case of sulphur, for there is no polyiodide possible of tlie formula P(C,H,),T,.
It was thought that a mixture of the two polyiodides, P( C2H5)J3 and P( C2H5)J5, might be produced, in which case the whole of the phosphorus worild be eventually recoverable in the form of tetrethylphosphonium iodide. But experiments have proved that only half of this quantity can be actually obtained, while tlie other half of the phosphorus assumes a form which is converted during the treatment with hydrogen sulphide and water into tricthylphosphine oxide. As this is a neutral substance, extremely soluble in water, and volatile in the steam produced by the evaporation of the solution, its formation is at first, liable to be overlooked. Any theory of the reaction then, to be tenable, must, among other conditions, be such as to account for the conversion of one half of the phosphorus into a polyiodide of tetrethylphosphonium, and the other half into some substance of similar appearance, but convertible by water o r hydrogen sulphide (or both acting together) into triethylphosphine oxide. These conditions are fulfilled by the following theory; and i t will be further shown t h a t most of the observed. details of a quantitative experiment distinctly favour it, whilst they are not capable of equally satisfactory explanation in any other way. A solution is thus obtained containing hydrogen iodide, tetrethplphosphonium iodide, and triethylphosphine oxide ; whilst sulphur is precipitated.
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MASSON AND KIRKLAXD : PREPARATIOX O F The following are the details of the experiment which suggested this theory :-3.1 grams of phosphorus (in this case ordinary phosphorus was used; but it was afterwards found that red phosphorus would also answer) and 93% grams of ethyl iodide (equal to onertenth of the weight in grams indicated by the formula F + GC2H51) were heated for 22 houra a t 180-185" in a sealed tube. All the phosphorus disappeared, and 30 grams of ethyl iodide was recovered by distillation of the contents of the tube. The black tarry product was completely decomposed in two hours by the hydrogen sulphide treatment, giving 3.4 grams of sulphur. One small portion of the solution (which was made up to a known volume) was titrated with standard alkali, and the total quantity of hydrogen iodide in solution was calculated from tbe result, and was found to be 33.6 grams. Another small portion WRS used for an estimation of the total iodine ; and this, calculated for the whole quantity, was found to be 41.0 grams. The rest of the solution was treated with excess of moist silver hydroxide; and a portion of the filtrate and washings (made up to a known volume) was titrated with standard acid, and the total available hydroxide calculated from the result, and found to be 8.2 grams. The whole of the remainder of this alkaline solution was then neutralised with hydriodic acid, and evaporahed on the water-bath; and the salt thus obtained was dried and weighed. From this, the total available iodide was calculated (allowance being made for those portions of the solution used for titration), and was found to amount to 13.45 grams.
Finally this salt, which possessed all the properties of tetrethylphosphonium iodide, was crystallised from alcohol ; and iodine estimations were made with crystals of two distinct crops for the purpose of complete identification :-Found. Calculated for e -3 P(C,H,),I.
I.

11.
Iodine, per cent. . . . . . . 46.35
45.98
45.90
The triethylphosphine oxide was not saved or estimated in this experiment, as, indeed, its formation was not suspected until the results were calculated ; but in a subsequent experiment the solution from the hydrogen sulphide action was distilled in such a manner as to permit of the oxide being collect,ed and identified. The details of the above experiment are tabulated for the sake of comparison with the figures calculated from the theory which we have enunciated. This is not the first time that the action of phosphorus on ethyl iodide has been investigated, and a theopy of €he action advanced, although i t is the first time, so far as we are aware, thdt it has been made use of fop preparing the sales of tetrethylphosphonium. Carius (Annnlen, 137, 117) adopted the Peaction as a means af preparing triethylphosphine oxide, and his method was further worked out by Crafts and Silva (this Journal, 1871, 24, 629). Their procedure differed essentially from that described' by US in the following particulars : The phosphorus and ethyl iodide'were mixed in a very different proportion, viz., 2 P : 5C2H51. The ph&phdrus was not all consumed, some remaining in the amorphous form even aftel( beating for 24 hours at 175-180".
The iodine-coloured product was ground up with the residual phosphorus, and the whole distilled with alcohol till colourless. Ethyl iodide was produced in this reaction. The residue from the solution was found to contain phosphorous acid. The whole was then distilled in a copper retort with solid potash ; when ethane, triethylphosphins, phosphine, and a large amount of triethylphosphine oxide were obtained. Carius proposed the following equations to represent (2) the action which occurs in the sealed tubes, (2) that which occurs when the product is treated with alcohol:- As these equations have found their way into many text-books, and as we are convinced by our own experiments that they are erroneous, we venture to reproduce them here for the purpose of criticising them. The first four equations h a w never been supported by any experimental facts. The formation of phosphorus triiodide in particular is an assumption which the facts do not justify. The obvious polyiodide character of the product found in the reaction is entirely overlooked. The decolorisation by the subsequent distillation with alcohol was certainly due to the presence of the uncombined red phosphorus, as was the production of ethyl iodide and phosphorous acid ; for polyiodides would act towards phosphorus and alcohol in the same manner as free iodine does ; but no account is taken of this in the equations given. Had Crafts and Silva, used a larger proportion of ethyl iodide, they would have got no residue of phosphorus ; and the distillation with alcohol would have been ineffective. W e feel convinced, moreover, t h a t they would not have proposed the first set of equations, had they been sufficiently acquainted with the appearance of organic polyiodides to recognise the real nature of the contents of the t,ubes. Our experiments with both sulphur and phosphorus show t h a t there is no reason for representing their reactions with ethyl iodide by more complicated equations than those we have given, VIZ. :-
